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WATER QUALITY AND METAL UPTAKE BY Cabomba 
caroliniana IN TH E LOWER REACHES OE 1>EKIYAR KIVEK
K a l a d l i J i r a n  P.,  \  a l s a i a ,  K . K  a n d  ( k o r j ^ c ,  J .  P.
C e n t r a l  M u i i n c  F i s h c i i e s  R c s c a r c h  I n s l i l u i c .  K o c h i .  K c a i i a - 6 S 2  O l K
A I^S'l'RACT
Zinc cadmium copper and lead conccmraiiom a> %vcH ;.s watcvqualiiv pavunKW.>ftom rwcr uU3<«m.v. lidav;..
mduM .ia l area and iho b io a c a im u la l io n  o f  ihcsc m c l . l .  In  i l ic  s i.bmcrucd aciuatic plan. C a h o n . lu , , a , v im ,a n a  were n>on„,.KHl 
rnnmhU' lo r  iw o  year pe r iod  A p i i l  2003 , A m i iu u u u  values le ina iacd  IDO'a hiLitie; at GJayar l l i a i u h c  i ipM ica m  .n .a
1 M u v a )  T h e  levels o f l i e a v v  m e ia ls  in the am b ien i u aier ai Lidayar regis iered very l i ig h  levels <>l zii .e ( S7 u; i / l l .  . . id m .u .n  
l A  u -  H c « i w  (2-79 u>^D and lead (2.S6 ug / l)  ihan ai ihe ii i^sucatn s la i io i i .  S in n la r ly  ihe Cahamha  p la n is c o l le u e d  lion> 
l-.dasar'haci accumula ted subs tan t .a l ly  h.gl .cr c».wcni.a. i . .ns . . r.hcsc m Cals  than m .ho same plan, o l k x i c d  f n 'm  Al . n  . 
( ( • d ' i 7  0 S u . . / . - d r y w la . s a j : a in s t2 ,3 9 u u /g d , y  w,. Cu aV.S9 a.a.nsl  r..9S u p '”  dry wi  and / „  7 %  aga.nsl U .h .7 ;  u y / M ' ' "  
in d ic a l in g lh c c M c n d  o f  metal con tam .na ied  c fnu cm s  J .> ch a ,-ed  iiU.) the nve i I rum  l l .c  lu la y a r  rej:H)n.
I N T K O U U C T I O N
R iv e rs  arc  m a jo r  s in k s  th a t  ac t  as ac t iv e  yco -  
c h c m ic a l  a reas  from  w h ic h  ih e  h e a v y  m e la ls  I'ind 
ih e i r  w a y  lo  the sea . A s  I r e s h w a lc r  Irom  livci ' 
m ix e s  w i th  scaw iiic r  a i i h c  e s lu u ry .  m c lu ls  iiuiy 
be  losl o r  t r a n s f o rm e d  f r o m  so l t ib ie  forn i :o ihe 
s e d im e n ts  by  f jo cc u la l io n  o r  to  th e  phm kio ii  and  
m a c ro p h y ie s  by ad so rp t io n  a n d  b io ac cu n u i la i in n  
(S a lo m o n s ,  1989). T h e r e  a rc  a  to tal o f  113 rivers  
in th e  c o u n t ry  w'llh a loUil l e n g th  o f  4 5 0 0 0  km . 
(;ii l  (if the.sc , 14 a rc  m ajoi', 4 4  m e d iu m  an d  ."'5 
in n u ir  o n es .  T h e  I w o  la rg e s t  s o u rc e s  of  p o llu iiun  
in ih c se  r iv e rs  are  the n u in ic ip a l  s c \ \ 'a - c  .mil 
in d i is i r ia l  e l f lu c n ts .  T h e  u r b a n  s e c l o r  o l  liic 
e in in li 'v  ^cncv.'.ic 3<'i50 cviImc nici'.-o. "1 
w a te r  a n d  the m a jo r  in d u s tr ia l  m ills  g c n c i  a i c  / 
m i l l io n  c u b ic  m e te r s  o f  e f f l u e n t s  c \ e r y  year.
R i v e r  P c n y u v  i s  f a c i n g  s e v e r e  c n \ a u > n m e i U a l  
p i o b l c m s  d a y  b y  d a y  s u c h  a s  i n d u s t r i a l  c l f l u c n l s  
( L ' n n i t h u n  e i  c i l . ,  1 9 7 7 ;  M o h a p a i h r a  a n d  
R c n s a r a j a n .  2 0 0 U ) ;  s a n d  m i n i n g  a n d  s , : l i i ; i iy  
i n t r u s i o n  ( S a n k a r a n a r a y a n a n  c l  a l - .  a n d
d . - i m m i n i '  -anii a U e v c d  r i v e r  H u s v i  A n o i u .  1). 
T l i e  r o l e  o f  I’c n y a r  r i v e r  in t h e  t k : \ c l i i p i i , e ; i i  ni  
C ' n c h m  I'CLiion is v e r y  v i u i l .  'I h e  i f | n > y : a,  .liy " i  
l j )C hn \ -  l a n d  [ X i r t i on  o f  l l i c  r c g i» ' i i  i s a lo . ' ill "I
[he  lai ' i i e  e x t e n t  o f  b a c k w a t e r s  i n  t h e  a re a  a iKi  
t he  n u n i b e i '  i>l s m a l l  a n d  b i g  i s l a n d s ,  C c n t i a l  
M a r i n e  b i s l i e n c s  r e s e a r c h  I n s t i t u t e  C o c h i n  has 
c a r r i e d  o u t  s t u d i e s  o n  t h e  s t a t e  o l  h e a l t h  o l  
c o a s t a l  a q u a t i c  l i f e ,  s e d i m c i u  a n d  i n s h o r e  w a t e r s  
o f  C o c h i n  as w e l l  as t h e  V e m b a n a d  e s l u a r i n c  
s y s t e m  w h i c h  r e c e i v e s  i n d u s t r i a l  e f f l u e n \ s  
d i s c h a r g e d  f r o n i  m o r e  t h a n  2 5 0  c h e m i c a l  
f a c t o r i e s  a n d  i n d u s t r i e s  a r o u n d .  T h e  prc .seni  
c o u a n u u i e a t i o n  c o n n i a r c s  t he  w a l e r  ( . lu a h ty  o l  i l i c  
l o w e r  l e a c h c s  o f  R i v e r  F e r i y a r a t  i n d u s t r i a l  a rea 
r . d a y a r  r e j ' . i o n  a n i l  a l  A U i v a  ; i m l  ' l i e  
l i i o . i c c u i n u l a l  i o n  i d  m e t a l s  i ' ) '  a h y d r o | i h y t i ’ 
” r i > w i n g  in  d i e s e  r e g i o n s .
M A 'H . K I A I .S  A N ! )  M K l ' l l O n S
W a t e r  a n d  w h o l e  p a r t  t ) f  a q u a t i c  su bm crg c< . i  
p l a n t  C . ' t i h d i n h i i  c d r o l i n i n i K i  w e r e  e o l l e c i c c ;  
m o n t h l y  f r o m  l i d a y a r  i n d a s t v i a l  a r e a  ( 1 0 '  i \ - \ '  
3 9 ” N  c'c 7 6 '^  1 3 ’ I 2 " I Z )  a n d  f r o m  
c o m p a r a t i v e l y  c l e a n  u p s t  r e a m  a i  ea  . 
'! h o t t u n u i ! . ' . u m  n c a i '  A i u v a ( 1 0 " ( ) 0  3S N«.'<:7(> 
2 1 ’ - 1 - r ’ i - j .  I ' - d a y a r  i s  s i l u a l e d  i n  t h e  E l o o r  an 
i n l a n d  i s l a n d  f l o c k e d  b y  2 3 0  c h c m i c a l  f a c t u v i c x  
a n d  i i u l i i s i i  i c s  i n a n u l  a c t u n n g  d i l  l e r e i u  p i  ( h I u i  I-. 
s u c h  as f e i i i l i / c r s ,  c h e m i c a l s ,  b i o - a e i u s .  m e t a l - .  
I 'U t ik ' .  c a i a K  si.s, (. lyes, l y r e s ,  n i a c h i n e  U ' o l s .  soap-.
an d  d c ic rg cn ts ,  r a d io a c i iv c  ina lc i 'ia ls ,  p c s i ic id c s ,  
p e i ro lc u m  p ro d u c ts ,  i iv ia lion  fu e ls ,  r a y o n  p u lp s  
c ic .  E n lirc  p la n ts  c o l l c c ic d  I'rom b o th  th e  s i lcs  
w e re  w u sh cd  th o r o u g h ly  w ith  lap  w m c i '  an d  then  
w ith  d is t i l led  w a te r  a n d l ' in a l iy  d r i e d  in an  o ven  
[o a c o n s ta n t  ilry w e ig h t  ai SO ±  2" c.
M e ta ls  s u c h  a s  c a d m iu m ,  le a d ,  c o p i ic r  an d  
/.m e from  th e  d r i e d  p la n t  t i s su e  s a m p le s  w ere  
ex trac icd  u s in g  ac id  d ig es t io n  p ro c e d u re  (D a l / jc l  
an d  B a k e r  1 9 8 4 ; ,  T h e  m e ia ls  e x t r a c t e d  from  [he 
t is su e  an d  s e d im e n t s  w e re  d c ic c tc d  o n  a P e rk in  
E lm e r  A A S  (M o d e l  2 3 8 0 )  in an  a i r - a c c t \ i e n e  
r iam c . T h e  p r e c i s io n  o f  th e  a n a ly s i s  w-as fo u n d  
to  be  w ith in  10%  a n d  th e  p e r c e n ta g e  r e c m  c ry  o f  
m e ia ls  iVom th e  s p ik e d  s a m p le s  w a s  fnu iid  to  be 
8 S .26  '/r. fo r  C u .  9 3 ,5 5 %  fo r  Z n ,  93 .86 ';i-  fo r  Pb 
a n d  9 5 .7 0 %  f o r  C d  w h e n  S p c c l r o s o l  ( B D i l  
i i n g la n d  ) fo r  s o f t  t i s s u e  p a n s  o l ' a p ra w n  
M d c t p c n a c i i s  d o b s o n i  w e i 'e  u s e d .  T h e  
p e rc e n ta g e  d e v ia t io n  from  tru e  v a lu e  w a s  --2 .9%  
fo r  C d  a n d  - i \ %  fo r  P b  in t i s su e  s a m p le s  an d  
+ 5 5 .4 %  fo r  C d  a n d  - 2 0 . 8 %  fo r  P b  in s e d im e n t  
s am p les .
W a t e r  q u a l i t y  p a r a m e t e r s  s u c h  as 
b io c h e m ic a l  o x y g e n  d e m a n d  ( B O D ) ,  a m m o n ia ,  
] il l  a n d  to t a l  s u s p e n d e d  s o l i d s  ( T S S )  w e r e  
d e te i 'n n n e d  u s in g  s t a n d a r d  p r o c e d u r e  (A P I I A  
1 9 8 5 ) .  M e t a l s  f r o m  w a t e r  s a m p l e s  w e r e  
d c l e n n i n e d  u s i n g  a n o d e  s t r i p p i n g  v o l i a m e i r y  
ic c h n ic ju c  (V A  7 5 7 ,  M e t r o h m )  f r o m  f i l l e r e d  
w a te r  sam ])les (0 .4 5 |j ) , .  S ta t is t ica l  a n a ly s e s  such 
as c o r re la t io n  a n d  t- te s t  w e re  c a r r i e d  ou t  w iih  
PC  ba.sed S A S .
RESULTS
W a te r  q u a l i t y  p a r a m e t e r s  o b s e r \ e d  f ro m  
E d a y a r  an d  th e  c o n t ro l  s i te  s h o w e d  c o n s id e r a b l e  
\ a r i a t i o n  d u r in g  th e  s tu d y  p e r io d  (F ig s .  1 -  4). 
T h e  leve ls  o f  a m m o n i a  w e re  s ig n i f ic a n t !}  h ighei ' 
ai E d a y a r  than  in  A lu v a .  W h e re a s .  p M .T S .S  and  
IK )D  v a lu e s  r e g is t e r e d  h ig h e r  at A lu v a  ihaii ai 
l-.dayai'. S im i la r ly  the v a lu e s  o l 'd i s s o lv c i l  m eia ls  
w e re  s ig n i f i c a n t ly  h ig h e r  a t E d a y a r  th an  at the
c o n tro l  s u e  cx c e p l  fo r  le a d  (P ig s  5 -8 )  M o n s o o n  
m o n th s  re g is te re d  m a x i m u m  lev e ls  d is s o lv e d  
m e ia l s  in H d ay ar ,  w h e r e a s  ih e  po s t  m o n s o o n  
p e r io d  had  re c o rd e d  h ig h e r  leve ls  o l ih esc  m e ia ls  
in  A l u v a  b u t  l e v e l s  m u c h  l o w e r  t h a n  ih e  
(.luwnti'cam s ile
B io a c c i im u la t io n  o f  m e ia l s  in  ac|iialic plain  
C a b o m b a  ca ru li i i ia n a  w a s  s ig n i l i c a n i ly  h ig h e i  
in the p a lm s  g ro \ \ ' in g  in E d a y a r  ihan  in the plani-- 
g r o w in g  in A lu v a  (F ig s  9 -  11). L e v e ls  ol lead  
w e re  b e lo w  th e  d e te c t io n  l im it  in A lu \  a, a l th o u g h  
th e  w a te r  f ro m  A lu v a  r e g i s t e r e d  a m ea n  lc \ 'c l  ol 
2 .3 0 5  ug/1 lead.
D I S C U S S I O N
T h e  resu lts  c le a r ly  in d ic a le  th e  w a lL 'r i ju a l iu  
in c lu d in g  ihe leve ls  o f  m e ta l s  o f  lo w e r  reache '-  
o f  R ive i ' Pcriya r ,  e s p e c ia l ly  th e  L d ay a i  re g io n  i.‘- 
h ig h ly  p o lk i ie d .  T h e  b io a c c u m u la t io n  o f  m e ta ls  
C d ,  Z n  an d  C u  in th e  p la n t ,  C a b o m b a  c a ro l in ia n a  
f ro m  E d a y a r  has  b e e n  fo u n d  lo  be  s ig n i f ic a n i ly  
a t a h ig h e r  level- T h e  s o u r c e  o f  th e se  p o l lu la n is  
a p p e a r s  to  b e  th e  i n d u s t r i a l  e s t a b l i s h m e n i s  
s i t u a t e d  th e re ,  as m e ta l  l o a d  in  tlie u p s i re a n i  
s t a t io n  s i tu a te d  f iv e  k m  a p a r t  s h o w e d  v e ry  low 
le v e ls  o f  C d ,  C u  a n d  Z n .  I n c id e n c e  o f  h ig h e i  
le v e ls  o f  m e ta ls  in w a te r  a n d  p la n t  t is su e  s lu d ie d  
d u r in g  m o n s o o n  in d i c a i e s  tha t  th e  r e le a s e  o f  
e f f l u e n i s  by  the f a c t o n c s  is p re v a le n t  d u r in g  
m o n s t io n  p c i io d  ( I ' ig s .  5- b!). K r is h n a k u m a i '  ei 
al (1 9 9 0 )  fo u n d  tha t C ra s o s i i 'c a  c u e e u la ta  w e re  
m o r e  e lT eeiive  a c c u m u la to r s  o f  Z n ,  C d  a n d  C u  . 
w h i l e  P e rn a  v ir id is  a n d  th e  s e a w e e d  S a rg a s s u m  
t e n c n i m u m  w e re  e x c e l l e n t  a c c u m u la to r s  o f  Ph 
a n d  M n .
T h e  lev e ls  o f  C d ,  Z n  a n d  C u  in C a b o in b o  
w e re  b io m a g n i f i e d  p r o p o r t i o n a te l y  f ro m  th e i r  
r e s p e c t iv e  h ab i ta ts ,  e x c e p t  fo r  P b ,  in d ic a t in g  thai 
C a h o in h a  is n o t an e f f e c t i v e  a c c u m u la to r  o f  Pb 
a n d  th u s  not an i n d ic a to r  fo r  d i s s o lv e d  Pb.
O iir  o b s e r v a l io n s  o n  th e  TSS, [>I I, am iiion i.i  
an d  m e ta l  lev e ls  d o  a g r e e  w e ll  w i th  the re p o r i  
I^ ieparcd  b\' G r e e n p e a c e  R e s e a r c h  L a b o r a to r i e s
65
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(G r c c n p c a c e .  2 0 0 3 )  on  tiie  s l a ie  ol i ica llh  o f  
R i v e r  P c r i y a r .  S c n l h i l i u i t h a n  a n d  
B a la s u b ra in a n ia n  (1 9 9 9 )  rcpoi-icd ah o u i  a l in ear  
r e l a l i o n s h i p  b e t w e e n  C u  a n d  C d  o f  
P h y io p la n k lo n  w i ih  a m b ie n i  w u ier .  Sul-) aduUs 
o f  CIk i ' iiki p iin c u il its  e x p o s e d  lu nici c iir ic  iiiliMie 
fo r 120 hrs a l c o n c e n i r a i io n s  as low  as  (.).() 19 ppm  
in d u c e d  c h r o m o s o m a l  a b e r r a l i o n s  ( A n s y  an d  
S h r in iv a s ,  2 0 0 3 ) ,  S im i l a r  r isk  n iay  o c c u r  lo 
o ih c r  fo rm s  o f  r iv e r in e  a n d  c s tu a r in e  b io ia  as 
t h e s e  h a b i t a i s  a r e  f a v o u r a b l e  f e e d i n g  a n d  
b r e e d i n g  g r o u n d s  f o r  m a n y  c o m m e r c i a l l y  
im p o r ta n l  f i s h e s .  T h e  w a ie r  q u a l i iy  p a r a m e ie r s  
an d  d is s o lv e d  m e ia l s  in  w a te r  w e re  w e l l  w ith  in 
the W H O  p r e s c r ib e d  s a fe  l im its .  H o w e v e r ,  in
Fig- I C o m p a ra t iv e  v iew  o f  B O D
I I
the C d l’ou ih ii s a m p le s  t r o m  I 'd a y a i  io \e . i lc i t  
z in c  l e v e l s  e x c e e d i n g  W H O  sc l  s a l e  Ics 'cN  
( W H O  1 9 8 7 )  w h i c h  w a r r a n i s  f u n l i c i  
m o n i lo r m g  i iU his  sp e c ic s  as w ell a s  in oihei I lo ia  
a n d  fa u n a .
/V C K N O V V L K D G K M K N  I
T h e  a u th o rs  e x p r e s s  th e i r  s in ce re  th a n k s  tu  
ih e  H e a d .  F E M  D iv is io n  fo r  p r o v id in g  fa c i l i t ie s  
a n d  to  i h c  D i r c e i o r ,  C M F R l . ,  K o c h i  lo i  
p e r m is s io n  lo  p u b l ish  Ih is  pape r .  H ie  a u th o i s  
u rc  a l s o  g r a l e f u l  lo  S h r i .  A . N a n d a k u m a i .  
T e c h n ic a l  o lT ic e ra n d  lo  S h r i .  L .R . K h a m b a d k a r .  
S e n i o r  T e c h n ic a l  A s s i s l a n l  fo r  ih e i r  v a lu a b le  
f i led  sui)porI .
Fig. 2  C o m p ara l iv e  v iew  o f  w a te r  cii::;!i’.y - T S S
Fig. 3 C o m p a r i l iv e  v iew  o f  w a le r  q u a l i iy  -pH •ig. 4  C o m p ar i t iv c  v iew  o f  N H ,
• • - |iM
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. 5 C o m p ari l iv c  v iew  o f  C o p p e r  in \v;iicr
I'ig. 7 C o m p ari l iv e  v iew  ol' L e a d  in w a ic r
f,
i \






Fig. 9 B io acc u n u ila l io n  o f  C a d m iu n i  in C ahonil 
ca ro lin ia iia
>a
F ig . 10 B io accu m u la lio i i  ol' C o p p e r  in Caln)iiii': 
c a ro l in ian a
\
! }
l-'iy, II 13iuaccLiimihLlion o f  Z in c  in ('ah()iiil-)a 
caixiliniana
r I 'F I ' :r I':n c i <s
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